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@  Compositions  containing  maleimide-amide  compounds  as  well  as  the  preparation  and  application  thereof. 

  The  invention  relates  to  compositions  containing  80-30 
weight  %  of  bismaleimide-compounds,  5-60  weight  %  ma- 
leimide-amide  compounds  and  1-10  weight  %  maleic  anhy- 
dride  derivative. 

The  invention  further  relates  to  the  preparation  of  such 
compositions  and  to  homogeneous  curable  compositions 
comprising  bismaleimide/maleimide-amide/maleic  anhy- 
dride  compositions  according  to  the  invention.  The  obtained 
copolymers  show  good  chemical  resistance  and  a  high  HDT 
(heat  distorsion  temperature). 



The  i n v e n t i o n   r e l a t e s   to  c o m p o s i t i o n s   of  compounds  c o n t a i n i n g  

on  the  one  hand  a  male imide   group  and  on  the  o ther   hand  an  amide  g r o u p ,  

in  combina t ion   with  b i s m a l e i m i d e   compounds,  and  p r o c e s s e s   for  the  p r e -  

p a r a t i o n   of  such  c o m p o s i t i o n s .  

The  i n v e n t i o n   f u r t h e r   r e l a t e s   to  t h e r m o s e t t i n g   c o m p o s i t i o n s  

and  polymers  and  o b j e c t s   ob t a ined   by  cur ing   of  t h e s e ,   in  which  a  com- 

b i n a t i o n   of  b i s m a l e i m i d e   and  ma le imide -amide   compounds  is  u s e d .  

It   is  known  to  apply  b i s m a l e i m i d e s   as  b i f u n c t i o n a l   monomer  o r  

comonomer  in  c o m p o s i t i o n s   tha t   are  cured  t h e r m a l l y ,   through  an  a d d i t i o n  

r e a c t i o n   or  via  r a d i c a l s .   The  d i s a d v a n t a g e   of  b i s m a l e i m i d e s   is  t h a t   t h e y  

are  s o l u b l e   in  few  o the r   c o p o l y m e r i z a b l e   compounds.  Thus,  i t   has  b e e n  

found  to  be  i m p o s s i b l e   to  d i s s o l v e   more  10  wt.-X  of  a  b i s m a l e i m i d e   i n  

s t y r e n e .   This  is  a  d i s a d v a n t a g e ,   because  s t y r e n e   is  a  monomer  tha t   c a n  

e a s i l y  b e   p o l y m e r i z e d ,   is  i n e x p e n s i v e   and,  moreover ,   has  a  good  c h e m i c a l  

r e s i s t a n c e . . T h e   o b j e c t   of  the  i n v e n t i o n   is  the  p r e p a r a t i o n   of  com- 

p o s i t i o n s   and  copolymers  in  which  both  s t y r e n e   or  an  o ther   c o p o l y m e r i -  

zable   compound  and  a  s u b s t a n t i a l   amount  of  a  b i s m a l e i m i d e   are  u s e d .  

The  p r e s e n t   i n v e n t i o n   p rov ides   c o m p o s i t i o n s   with  b i s m a l e i m i d e s  

tha t   r e a d i l y   d i s s o l v e   in  e t h y l e n i c a l l y   u n s a t u r a t e d   compounds .  

The  c o m p o s i t i o n s   a c c o r d i n g   to  the  i n v e n t i o n   c o m p r i s e :  

a)  80  to  30  wt.  %  (of  a  m ix tu re )   of  compound(s)  having  the  g e n e r a l  

f o r m u l a  



a n d / o r  

where  

R1  and  R2  each  and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  a n  

a l i p h a t i c ,   c y c l o a l i p h a t i c   or  a romat ic   group  c o n t a i n i n g   1-12  c a r b o n  

atoms,  or  a  ha logen  atom,  or  where  R1  and  R2,  t o g e t h e r   with  the  c a r b o n  

atoms  to  which  they  are  bound,  form  a  r ing  system  with  at  l e a s t   one 

p o l y m e r i z a b l e   C-C  bond,  while  Z  r e p r e s e n t s   a  b i v a l e n t   o rgan ic   g r o u p .  

b)  5  to  60  wt.  %  of  (a  mix tu re   of)  compound(s)  having  the  g e n e r a l   f o r -  

mula  



a n d / o r  

w h e r e  

R1  and  R2  each  and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  an  

a l i p h a t i c ,   c y c l o a l i p h a t i c   or  a romat i c   group  c o n t a i n i n g   1-12  c a r b o n  

atoms,  or  a  ha logen  atom,  or  where  R1  and  R2,  t o g e t h e r   with  the  c a r -  

bon  atoms  to  which  they  are  bound,  form  a  r ing  system  with  at  l e a s t  

one  p o l y m e r i z a b l e   C-C  bond,  whi le   Z  r e p r e s e n t s   a  b i v a l e n t   o r g a n i c  

group  and  R3 an  o p t i o n a l l y   s u b s t i t u t e d   a l k y l ,   c y c l o a l k y l ,   a r a l k y l   o r  

a l k y l a r y l   group,  with  1-12  carbon  atoms  in  the  a lky l   p a r t .  

c)  1  to  10  wt.  %  of  a  male ic   anhydr ide   d e r i v a t i v e   having  the  f o r m u l a  

w h e r e  

R1  and  R2  each  and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  a n  

a l i p h a t i c ,   c y c l o a l i p h a t i c   or  a romat i c   group  c o n t a i n i n g   1-12  c a r b o n  

atoms,  or  a  ha logen  atom,  or  where  R1  and  R2,  t o g e t h e r   with  the  c a r b o n  

atoms  to  which  they  are  bound,  form  a  r ing  system  with  at  l e a s t   one 

p o l y m e r i z a b l e   C-C  b o n d .  

The  compounds  a c c o r d i n g   to  formula  I  ( b i s m a l e i m i d e s ) ,   f o r m u l a  

II  ( m a l e i m i d e - i s o m a l e i m i d e s )   and  formula  I I I   ( b i s i s o m a l e i m i d e s )   are  i s o -  

meric  compounds,  for  which  the  common  term  ' b i s m a l e i m i d e   compounds'  w i l l  

be  used  in  t h i s   s p e c i f i c a t i o n ,   in  the  same  way  as  the  common  t e r m  

' m a l e i m i d e - a m i d e   compounds'  wi l l   be  used  for  the  compounds  a c c o r d i n g   t o  

formula  IV  ( m a l e i m i d e s - a m i d e s )   and  formula  V  ( i s o m a l e i m i d e - a m i d e s )   as  

i somer i c   compounds .  



Male imide-amide   compounds  are  known  per  se  from  Chemist ry   and 

I n d u s t r y  6 ,   1981,  pp.  189-191,  as  a  minor  i m p u r i t y   of  b i s m a l e i m i d e s .  

The  compounds  acco rd ing   to  the  i n v e n t i o n   tha t   c o n t a i n   at  l e a s t  

5  wt.  %  'ma l e imide -amide   compound(s)  can  be  p repared   in  a  very  c o n -  

ven ien t   manner  by  a  method  tha t   a lso  is  the  ob j ec t   of  the  i n v e n t i o n   and 

tha t   is  c h a r a c t e r i z e d   in  tha t   a  diamine  having  the  f o r m u l a  

where  Z  has  the  meanings  i n d i c a t e d ,   is  r e a c t e d   with  a  maleic   a n h y d r i d e  

d e r i v a t i v e   having  formula  VI  in  a  molar  r a t i o   of  diamine  to  m a l e i c  

anhydr ide   d e r i v a t i v e   of  1:0.75  to  1 :2 .5   and  in  tha t   the  mix tu re   o b t a i n e d  

is  s u b s e q u e n t l y   r e a c t e d ,   in  the  p resence   of  a  s u i t a b l e   c a t a l y s t ,   with  an 

adapted  amount  of  anhydr ide   of  an  a l k y l c a r b o x y l i c   acid  with  2  to  7  c a r -  

bon  atoms,  t h i s   being  e f f e c t e d   in  such  a  way  tha t   in  the  mix tu re   u l t i m a -  

t e l y   ob ta ined   the  d e s i r e d   r a t i o   between  ( i s o ) m a l e i m i d e   groups  formed  by 

c y c l o d e h y d r a t i o n ,   the  amount  of  a l k y l a m i d e   groups  formed  by 

( r e - ) a l k y l a m i d a t i o n   and  the  amount  of  acid  anhydr ide   compound  i s  

o b t a i n e d .  

For  the  p r e p a r a t i o n   of  homogeneous,  c u r a b l e   c o m p o s i t i o n s   w i t h  

e t h y l e n i c a l l y   u n s a t u r a t e d   compounds  i t   is  not  n e c e s s a r y   to  s e p a r a t e   t h e  

components  from  the  mix ture   o b t a i n e d ,   removal  of  any  s o l v e n t   used,   t h e  

a l k y l c a r b o x y l i c   acid  formed  and  any  excess  of  a l k y l c a r b o x y l i c   a n h y d r i d e  

being  s u f f i c i e n t .  

In  the  mix tu res   thus  o b t a i n e d ,   most ly   about  30-50 %  of  t h e  

maleimide  groups  w i l l   be  p r e s e n t   in  the  i somer ic   i soma le imide   form.  The 

mix ture   thus  w i l l   mainly  c o n t a i n   b i s m a l e i m i d e ,   m a l e i m i d e - i s o m a l e i m i d e  

and  b i s i s o m a l e i m i d e   compounds,  ma le imide -amide   and  i s o m a l e i m i d e - a m i d e  

compounds  and  male ic   anhydr ide   d e r i v a t i v e s .   Moreover,   depending  on  t h e  

r e a c t i o n   c o n d i t i o n s ,   small   amounts  (up  to  about  5  X)  of  amide-amide  com- 

pounds  may  be  p r e s e n t   and  p o s s i b l y ,   to  an  even  more  l i m i t e d   e x t e n t ,   com- 

pounds  with  amide  acid  g r o u p s .  

Said  compos i t i ons   a c c o r d i n g   to  the  i n v e n t i o n ,   tha t   c o m p r i s e  

' b i s m a l e i m i d e   compounds ' ,   ' m a l e i m i d e - a m i d e   compounds'  and  a c i d  

compounds,  appear   to  be  s o l u b l e   as  such  in  simple  s o l v e n t s   such  as  a c e -  

tone  or  m e t h y l e t h y l k e t o n e ,   but  a lso   in  e t h y l e n i c a l l y   u n s a t u r a t e d  

compounds.  

S o l u t i o n s   of  the  c o m p o s i t i o n s   a cco rd ing   to  the  i n v e n t i o n   in  a  

n o n - r e a c t i n g   s o l v e n t ,   e i t h e r   in  the  p resence   or  in  the  absence  o f  



f u r t h e r   comonomer(s) ,   for  i n s t a n c e   d i amines ,   are  very  s u i t a b l e   f o r  

a p p l i c a t i o n s   such  as  p r e - p r e g s ,   e t c .   S o l u t i o n s   in  c o p o l y m e r i z a b l e   com- 

pounds  with  an  e t h y l e n i c a l l y   u n s a t u r a t e d   C-C  bond,  lead  to  homogeneous ,  

c u r a b l e   c o m p o s i t i o n s ,   tha t   are  also  the  ob j ec t   of  the  i n v e n t i o n   and  t h a t  

c o n s i s t   o f :  

a)  a  compound  with  an  e t h y l e n i c a l l y   u n s a t u r a t e d   C-C  b o n d ,  

b)  a  c o m p o s i t i o n   a c c o r d i n g   to  the  i n v e n t i o n   which  c o m p r i s e s  

' b i s m a l e i m i d e   compounds ' ,   ' m a l e i m i d e - a m i d e   compounds'  and  an  a c i d  

anhydr ide   compound,  in  such  an  amount  tha t   the  weight  r a t i o   b e t w e e n  

e t h y l e n i c a l l y   u n s a t u r a t e d   compound  and  c o m p o s i t i o n   a c c o r d i n g   to  t h e  

i n v e n t i o n   is  2:1  and  1 : 4 ,  

c)  if  d e s i r e d ,   one  or  more  cus tomary   a d d i t i v e s ,   such  as  i n h i b i t o r s ,  

cu r ing   c a t a l y s t s ,   f i l l e r s ,   r e i n f o r c i n g   agents   and  p i g m e n t s .  

Such  homogeneous,   c u r a b l e   c o m p o s i t i o n s   can,  in  c o n f o r m i t y   w i t h  

the  i n v e n t i o n ,   be  cu red ,   with  the  aid  of  a  r a d i c a l s   dona t i ng   i n i t i a t o r ,  

y i e l d i n g   copolymer  o b j e c t s ,   in  p a r t i c u l a r   o b j e c t s   of  copolymers   c o n -  

s i s t i n g   of  u n i t s   d e r i v e d   f rom:  

a)  an  e t h y l e n i c a l l y   u n s a t u r a t e d   compound,  

b)  compounds  having  formulae   I,  II  and /o r   I I I ,   where  R1  and  R2  each  and 

i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  an  a l i p h a t i c ,   c y c l o a l i p h a t i c  

or  a romat i c   group  c o n t a i n i n g   1-12  carbon  atoms,  or  a  ha logen   atom,  o r  

where  R1  and  R2,  t o g e t h e r   with  the  carbon  atoms  to  which  they  a r e  

bound,  form  a  r ing   system  with  at  l e a s t   one  p o l y m e r i z a b l e   C-C  b o n d ,  

whi le   Z  r e p r e s e n t s   a  b i v a l e n t ,   o rgan ic   g r o u p ,  

c)  compounds  having  formula  IV  and /o r   V,  where  R1  and  R2  each  and  i n d e -  

p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  an  a l i p h a t i c ,   c y c l o a l i p h a t i c   o r  

a roma t i c   group  c o n t a i n i n g   1-12  carbon  atoms,  or  a  ha logen  atom,  o r  

where  R1  and  R2,  t o g e t h e r   with  the  carbon  atoms  to  which  they  a r e  

bound,  form  a  r ing  system  with  at  l e a s t   one  c o p o l y m e r i z a b l e   C-C  b o n d ,  

Z  r e p r e s e n t s   a  b i v a l e n t ,   o rgan ic   group  and  R3  an  o p t i o n a l l y   s u b s t i -  

tu t ed   a l k y l ,   c y c l o a l k y l ,   a r y l ,   a r a l k y l   or  a l k y l a r y l   group  with  1 -12  

carbon  atoms  in  the  a lky l   p a r t ,   . 

d)  a  male ic   anhydr ide   d e r i v a t i v e   having  formula  VI  where  R1  and  R2  e a c h  

and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  an  a l i p h a t i c ,  

c y c l o a l i p h a t i c   or  a romat i c   group  c o n t a i n i n g   1-12  carbon  atoms,  or  a  

ha logen   atom,  or  where  R1  and  R2,  t o g e t h e r   with  the  carbon  atoms  t o  

which  they  are  bound,  form  a  r ing  system  with  at  l e a s t   one  p o l y m e r i -  

zable   C-C  b o n d ,  



e)  if  d e s i r e d ,   one  or  more  o ther   ( c o ) p o l y m e r i z a b l e   monomer  or  po lymer  

compounds ,  

the  weight  r a t i o   of  a:  (b  +  c  +  d)  being  between  2:1  and  1:4,  b  b e i n g  

from  80  to  30  wt . -X,   c  from  5  to  60  wt.-X  and  d  from  1  to  10  w t . -   % 

of  the  amount  of  b  +  c  +  d .  

From  EP-A-83201582.0  homogeneous,   c u r a b l e   c o m p o s i t i o n s   a r e  

known  which  comprise   b i s m a l e i m i d e   compounds,  v iny l   a romat ic   compounds 

and  e f f e c t i v e   amounts  of  s o l u b i l i t y - p r o m o t i n g   acid  compounds .  

According  to  the  i n v e n t i o n ,   as  s t a t e d ,   use  is  made  of  com- 

pounds  with  the  formulae   I  th rough  VII,  where  R1,  R2,  R3  and Z  have  t h e  

meanings  i n d i c a t e d   in  the  a b o v e .  

P a r t i c u l a r l y   s u i t a b l e   compounds  a c c o r d i n g   to  the  i n v e n t i o n   a r e  

those  in  which  Z  r e p r e s e n t s   an  o p t i o n a l l y   s u b s t i t u t e d   a l k y l e n e   g r o u p s  

c o n t a i n i n g   2-25  carbon  atoms,  an  o p t i o n a l l y   s u b s t i t u t e d   metha-  o r  

p a r a p h e n y l e n e   group,  or  an  o p t i o n a l l y   s u b s t i t u t e d   group  having  the  f o r -  

mula  

where  Y  r e p r e s e n t s   a  -CH2-,  a  -C(CH3)2-,   a  -0 -   or  a  -S02-   group  and 

R3  an  a lky l   group  with  1  to  6  carbon  a t o m s .  

The  a r rangement   of  the  f ree   bonds  of  the  Z  group  as  shown  i n  

formula  VIII  i n d i c a t e s   tha t   these   bonds  may  be  in  o r t h o - ,   metha-  o r  

p a r a - p o s i t i o n   r e l a t i v e   to  the  Y - g r o u p .  

Very  s u i t a b l e   compounds  acco rd ing   to  the  i n v e n t i o n   a r e  

( i s o ) m a l e i m i d e - ( i s o ) m a l e i m i d e   compounds  with  formulae  I,  II  and /o r   I I I  

and  ( i s o ) m a l e i m i d e - a m i d e   compounds  with  formulae  IV  and /o r   V  where  the  Z 

group  is  chosen  f rom 

-  CH2 -  CH2  -,  . 

-  (CH2)6  - ,  



and 

where  R1  and  R2  r e p r e s e n t   hydrogen  and  where  R3  r e p r e s e n t s   an  a l k y l  

group  with  1-6  carbon  a t o m s .  

By  p r e f e r e n c e   use  is  made  of  c o m p o s i t i o n s   c o n t a i n i n g   as  b i s m a -  

le imide   component  one  or  more  of  the  compounds  with  the  f o r m u l a e  



a n d / o r  

a n d / o r  

as  ma le imide -amide   component  one  or  more  of  the  compounds  with  the  f o r -  

mu lae  

a n d / o r  



where  R3  r e p r e s e n t s   an  a lky l   group  with  1-6  carbon  atoms,  by  p r e f e r e n c e  

methyl ,   and  as  maleic   anhydr ide   d e r i v a t i v e   male ic   a n h y d r i d e .  

The  c o m p o s i t i o n s   a c c o r d i n g   to  the  i n v e n t i o n   tha t   c o m p r i s e  

' b i s m a l e i m i d e   compounds ' ,   ' m a l e i m i d e - a m i d e   compounds'  and  an  a c i d  

anhydr ide   compound,  c o n t a i n   from  80  to  30  wt.  %,  p r e f e r a b l y   from  75  t o  

45  wt.  %,  of  the  ' b i s m a l e i m i d e   compounds ' ,   from  5  to  60  wt.  %,  p r e -  

f e r a b l y   from  20  to  40  wt.  %,  of  the  ' m a l e i m i d e - a m i d e   compounds'  and  f rom 

1  to  10  wt.  %,  p r e f e r a b l y   from  2  to  7  wt.  %  of  the  malic  a n h y d r i d e  

d e r i v a t i v e ,   p r e f e r a b l y   male ic   a n h y d r i d e .  

The  p r e p a r a t i o n   of  such  c o m p o s i t i o n s   g e n e r a l l y   can  be  e f f e c t e d  

as  i n d i c a t e d   in  the  a b o v e .  

P r e f e r a b l y ,   but  not  n e c e s s a r i l y ,   the  r e a c t i o n s   are  e f f e c t e d   in  a 

s u i t a b l e   s o l v e n t ,   such  as,  a c e t o n e ,   m e t h y l e t h y l k e t o n e ,   c h l o r o f o r m ,   e t h y l  

a c e t a t e   and  t o l u e n e .  

The  r a t i o   of  ' b i s m a l e i m i d e   compounds'  to  ' m o n o m a l e i m i d e - a m i d e  

compounds'  to  male ic   anhydr ide   d e r i v a t i v e   in  the  c o m p o s i t i o n   u l t i m a t e l y  

o b t a i n e d   can  be  c o n t r o l l e d   by  the  choice   of  the  c a t a l y s t ,   and  the  amount  

of  c a t a l y s t ,   by  the  s e t t i n g   of  the  r e a c t i o n   time  and /or   the  r e a c t i o n  

t e m p e r a t u r e ,   and  by  the  s e t t i n g   of  the  amount  of  male ic   anhydr ide   d e r i -  

v a t i v e   and /or   a l k y l c a r b o x y l i c   a n h y d r i d e .  

In  p a r t i c u l a r ,   by  p r e f e r e n c e   a  molar  r a t i o   of  diamine  t o  

male ic   anhydr ide   d e r i v a t i v e   of  between  1 :1 ,75  and  1 ,2 :1   is  a p p l i e d   and 

an  excess  of  the  anhydr ide   of  the  a l k y l c a r b o x y l i c   acid  r e l a t i v e   to  t h e  

male ic   anhydr ide   d e r i v a t i v e   used  so  as  to  ach ieve   a  

' b i s m a l e i m i d e ' : ' m o n o m a l e i m i d e a m i d e ' : m a l e i c   acid  d e r i v a t i v e   r a t i o   a s  

p r e f e r r e d .  

As  a l k y l c a r b o x y l i c   acid  by  p r e f e r e n c e   a c e t i c   anhydr ide   i s  

a p p l i e d .  

In  the  r e a c t i o n   between  the  diamine  and  the  male ic   a n h y d r i d e  

d e r i v a t i v e   by  p r e f e r e n c e   a  t e m p e r a t u r e   of  15  to  70 °C  is  a p p l i e d ,   w h i l e  

the  r e a c t i o n   time  p r e f e r a b l y   v a r i e s   between  ha l f   an  hour  and  5  h o u r s .  

For  the  c y c l o d e h y d r a t i o n   r e a c t i o n   of  the  formed  diamide  a c i d  

by  p r e f e r e n c e   a  t e m p e r a t u r e   of  50  to  100 °C  is  a p p l i e d ,   while   the  r e a c -  

t ion   time  p r e f e r a b l y   v a r i e s   between  ha l f   an  hour  and  4  h o u r s .  

C a t a l y s t s   tha t   can  be  app l i ed   for  the  l a t t e r   r e a c t i o n   are ,   f o r  

i n s t a n c e ,   sodium  hydroxyde ,   sodium  e t h a n o l a t e ,   t r i e t h y l a m i n e ,  

t r i - ( n - b u t y l ) - a m i n e ,   2 -v iny l   p y r i d i n e ,   ion  exchangers   with  h y d r o x y l  



groups ,   e t h y l e n e   diamine  t e t r a a c e t i c   acid  (EDTA),  N,  N,  N ' ,  

N ' - t e t r a m e t h y l   e t h y l e n e   diamine  (TMED)  and  1 , 4 - d i a z a b i c y c l o - 2 , 2 , 2 - o c t a n e  

(DABCO). 

The  best   r e s u l t s ,   however,   are  ob ta ined   with  TMED  and  DABCO. 

As  s t a t e d ,   the  homogeneous,  cu rab le   compos i t i ons   a c c o r d i n g   t o  

the  i n v e n t i o n   c o n s i s t   of  an  e t h y l e n i c a l l y   u n s a t u r a t e d   compound  i n  

combina t ion   with  a  ' b i s m a l e i m i d e ' / ' m o n o m a l e i m i d e - a m i d e ' / m a l e i c   a n h y d r i d e  

c o m p o s i t i o n   a cco rd ing   to  the  i n v e n t i o n   in  the  i n d i c a t e d   r a t i o   and  w i t h  

o p t i o n a l   f u r t h e r   monomers  and  customary  a d d i t i v e s .  

E t h y l e n i c a l l y   u n s a t u r a t e d   compounds  are  here  p a r t i c u l a r l y  

unde r s tood   to  mean  v inyl   a romat ic   compounds  such  as:  s t y r e n e ,  

a - m e t h y l s t y r e n e ,   p a r a - m e t h y l s t y r e n e ,   a m i n o s t y r e n e ,   h y d r o x y s t y r e n e ,   d i v i -  

nyl  benzene,   v iny l   t o l u e n e ;   a l l y l   compounds  such  as  monoa l ly l   e s t e r s   o r  

e t h e r s   and  d i a l l y l   e s t e r s   or  e t h e r s ,   for  i n s t a n c e   d i a l l y l   p h t h a l a t e ;  

v inyl   e the r   and  v iny l   e s t e r   compounds  such  as  v iny l   benzoa t e ;   and  a c r y -  
l i c   acid  e s t e r s   and  m e t h a c r y l i c   acid  e s t e r s .  

E t h y l e n i c a l l y   u n s a t u r a t e d   compounds  can  in  broad  r a t i o s   be  

mixed  with  the  ' b i s m a l e i m i d e ' / ' m o n o m a l e i m i d e - a m i d e ' / m a l e i c   a n h y d r i d e  

c o m p o s i t i o n s   a cco rd ing   to  the  i n v e n t i o n ,   y i e l d i n g   homogeneous,  c u r a b l e  

c o m p o s i t i o n s ,   in  p a r t i c u l a r   in  r a t i o s   from  2:1  to  1:4.   By  p r e f e r e n c e  

r a t i o s   between  1 :1 .1   and  1 :2 .5   are  a p p l i e d .  

F u r t h e r   a lso  o ther   ( c o ) p o l y m e r i z a b l e   compounds  can  be  added  

i n s o f a r   as  these   do  not  give  r i s e   to  phase  s e p a r a t i o n .   In  t h i s   r e s p e c t ,  
u n s a t u r a t e d   p o l y e s t e r s ,   and  p repolymers   of  d i a l l y l   e s t e r s   and  e t h e r s ,  

for  i n s t a n c e   p repolymers   of  d i a l l y l   p h t h a l a t e ,   may  also  be  c o n s i d e r e d .  

In  gene ra l   such  compounds  are  app l i ed   in  an  amount  of  at  most  

100  wt . -X,   c a l c u l a t e d   r e l a t i v e   to  the  o ther   u n s a t u r a t e d   components  a  and 

b  and  by  p r e f e r e n c e   in  an  amount  of  at  most  50  w t . - X .  

It   f u r t h e r   is  to  a  l i m i t e d   e x t e n t   p o s s i b l e   to  add  c u s t o m a r y  

s u b s t a n c e s   such  as  i n h i b i t o r s ,   p igmen t s ,   f i l l e r s ,   r e i n f o r c i n g   a g e n t s ,  

s h r i n k a g e - c o n t r o l l i n g   s u b s t a n c e s ,   e t c .   The  term  homogeneous  r e l a t e s   o n l y  

to  the  p o l y m e r i z a b l e ' p a r t   of  the  c o m p o s i t i o n .   Examples  of  p o s s i b l e   a d d i -  

t i v e s   are  g lass   f i b r e s ,   carbon  f i b r e s ,   metal   f i b r e s ,   aramide  f i b r e s ,  

cha lk ,   l ime,   sand,  s i l i c a ,   aluminium  oxide  h y d r a t e ,   p o l y b u t a d i e n e ,  

p o l y s t y r e n e ,   p o l y e t h y l e n e ,   p o l y p r o p y l e n e   and  p o l y a c r y l a t e s .   For  cur ing   a  

r a d i c a l   source  is  added.  As  such,  a  h y d r o p e r o x i d e ,   a  p e r e s t e r ,   a  p e r k e -  



tone  and /or   an  o ther   compound  s u i t a b l e   for  cur ing   of  s t y r e n e   c o p o l y m e r s  

can  be  a p p l i e d .  

Curing  takes  p lace   under  the  i n f l u e n c e   of  r a d i c a l s .   The  p o l y -  

m e r i z a t i o n   r e a c t i o n   can  be  e f f e c t e d   both  at  a  low  t e m p e r a t u r e   ( l e s s   t h a n  

75 °C)  and  at  e l e v a t e d   t e m p e r a t u r e .  

The  c o m p o s i t i o n s   a c c o r d i n g   to  the  i n v e n t i o n   can  be  a p p l i e d ,  

for  i n s t a n c e ,   as  c a s t i n g   r e s i n ,   l a m i n a t i n g   r e s i n ,   e t c .  

The  c o m p o s i t i o n s   a c c o r d i n g   to  the  i n v e n t i o n   possess   a  com- 

b i n a t i o n   of  f a v o u r a b l e   p r o p e r t i e s .   Before   cur ing   they  are  l i q u i d s ,   w i t h  

a  v i s c o s i t y   tha t   g e n e r a l l y   is  low  at  room  t e m p e r a t u r e ,   tha t   can  w e l l  b e  

a p p l i e d   for  c a s t i n g   or  i m p r e g n a t i n g .   Af te r   cur ing   at  room  t e m p e r a t u r e ,  

p r e f e r a b l y   fo l lowed  by  a f t e r - c u r i n g   at  a  h igher   t e m p e r a t u r e ,   f o r  

i n s t a n c e   between  100 °C  and  250  °C,  p r o d u c t s   are  ob t a ined   tha t   p o s s e s s  

good  mechan ica l   and  p h y s i c a l   p r o p e r t i e s .  

The  i n v e n t i o n   w i l l   be  e l u c i d a t e d   on  the  bas i s   of  the  f o l l o w i n g  

examples ,   w i thou t   being  r e s t r i c t e d   to  the  modes  of  r e a l i z a t i o n   d e s c r i b e d  

t h e r e i n .  

Example  1 

P r e p a r a t i o n   of  a  c o m p o s i t i o n   c o n t a i n i n g   a  ' b i s m a l e i m i d e ' ,   a  ' m a l e i m i d e -  

amide'  and  an  acid  anhydr ide   compound 

At  room  t e m p e r a t u r e   a  s o l u t i o n   of  100  g  4 , 4 ' - d i a m i n o d i p h e n y l  

methane  in  300  ml  ace tone   is  t r i c k l e d   in to   100  g  male ic   a n h y d r i d e  

d i s s o l v e d   in  700  ml  a c e t o n e .   A  p r e c i p i t a t e   of  the  c o r r e s p o n d i n g   d ima-  

l e im ide   acid  is  formed  q u a n t i t a t i v e l y .   At  60 °C  150  g  a c e t i c   a n h y d r i d e  

and  1.5  g  DABCO  ( 1 , 4 - d i a z a - b i c y c l o - ( 2 , 2 , 2 ) o c t a n e )   is  added;  t h e  

anhyd r ide   se rves   as  d e h y d r a t i n g   agent  and  the  amine  as  c a t a l y s t .   The  end 

of  the  r e a c t i o n   is  c h a r a c t e r i z e d   by  the  complete   d i s a p p e a r a n c e   of  t h e  

diamide  acid  p r e c i p i t a t e .  

Af t e r   removal  of  the  s o l v e n t ,   a c e t i c   acid  and  a c e t i c   anhydr ide   under  a 

vacuum  (0.1  mm  Hg)  and  at  50-100  °C  a  mix tu re   is  o b t a i n e d ,   in  q u a n -  

t i t a t i v e   y i e l d ,   tha t   c o n s i s t s   of  approx.   70X  N , N ' , 4 , 4 ' - d i p h e n y l  

m e t h a n e - b i s m a l e i m i d e ,   25%  4 - a c e t y l a m i n o p h e n y l - 4 ' - m a l e i m i d o p h e n y l - m e t h a n e  

and  approx.   5%  maleic   a n h y d r i d e .   In  t h i s   mix ture   about  40  %  o f  

' m a l e i m i d e '   groups  is  p r e s e n t   in  the  i somer i c   i soma le imide   form  and  6 0 %  

in  the  male imide   form.  This  mix tu re   is  eminen t ly   s u i t a b l e   as  b a s i c  

i n g r e d i e n t   for  the  p r e p a r a t i o n   of  t h e r m o s e t t i n g   r e s i n s .   This  w i l l   be  

i l l u s t r a t e d   in  the  f o l l owing   e x a m p l e s .  



Examples  2  and  3 

P r e p a r a t i o n   of  a  homogeneous,   cu rab l e   r e s i n   compos i t i on   and  cur ing   o f  

the  same  to  o b t a i n   a  copolymer  o b j e c t  

Example  2 

An  amount  of  66  g  of  the  compos i t i on   a cco rd ing   to  Example  1 

and  34  g  s t y r ene   were  i n t r o d u c e d   into  a  r e a c t i o n   v e s s e l   provided  with  a  

s t i r r e r   and  placed  in  a  bath  tha t   was  kept  at  a  t e m p e r a t u r e   of  80-100  °C 

by  means  of  a  t h e r m o s t a t .   The  mixture   was  s t i r r e d   for  10-15  m i n u t e s ,  

upon  which  i t   had  changed  into  a  c l e a r ,   t r a n s p a r e n t ,   r e d d i s h   s o l u t i o n .  

The  s o l u t i o n ,   s t a b i l i z e d   with  300  ppm  benzoquinone ,   remained  homogeneous 

even  a f t e r   coo l ing   to  15-20  °C. 

Af te r   d e g a s i f i c a t i o n   of  the  s o l u t i o n   and  a d d i t i o n   of  1%  m e t h y l -  

e t h y l k e t o n e   pe rox ide   (50%  s o l u t i o n   in  d imethyl   p h t h a l a t e )   the  r e s i n   was 

cast   into  a  r e c t a n g u l a r   metal  mould  (130  x  75  x  4  mm).  In  c o n t r a s t   t o  

the  usual   p rocedure   for  u n s a t u r a t e d   p o l y e s t e r   r e s i n s ,   no  a c c e l e r a t o r   was 

added.  Curing  took  p lace   at  room  t e m p e r a t u r e ,   the  g e l a t i o n   time  was 

about  20  minu tes .   Af ter   8  hours ,   the  s h e e t  o b t a i n e d   was  kept  at  a  t em-  

p e r a t u r e   of  80  °C  for  24  hou r s ,   then  at  a  t e m p e r a t u r e   of  150  °C  for  24 

hours  and  at  a  t e m p e r a t u r e   of  200  °C  for  ano ther   24  h o u r s .   The  p r o p e r -  
t i e s   of  the  o b j e c t s   ob ta ined   by  c a s t i n g   are  p r e s e n t e d   in  Table  A.  The 

high  HDT  (heat   d i s t o r t i o n   t e m p e r a t u r e )   of  the  m a t e r i a l   is  r e m a r k a b l e .  

The  h y d r o l y t i c   s t a b i l i t y   of  the  product   was  a lso  examined.   To 

th i s   end,  t e s t   bars  of  the  m a t e r i a l   with  as  d imens ions   100  x  12.7  x  4  mm 

were  submerged  in  d e i o n i z e d   water  in  a  p r e s s u r e   v e s s e l .   The  t e s t   t em-  

p e r a t u r e   was  120  °C.  As  a  c r i t e r i o n   of  the  water  r e s i s t a n c e   of  t h e  

p roduc t ,   the  f l e x u r a l   s t r e n g t h   r e t e n t i o n   was  used.   This  is  unde r s tood   t o  

mean  the  p e r c e n t a g e   of  the  o r i g i n a l   f l e x u r a l   s t r e n g t h   tha t   remains  when 

a  t e s t   bar  is  s u b j e c t e d   to  the  medium  in  q u e s t i o n   for  a  c e r t a i n   t i m e .  

The  r e s u l t s   of  these  exper imen t s   are  given  in  Table  B.  It  is  o b v i o u s  

tha t   the  r e s i n   compos i t i on   to  which  the  i n v e n t i o n   r e l a t e s   has  a  v e r y  

good  h y d r o l y t i c   s t a b i l i t y .   Produc ts   on  the  bas i s   of  p o l y e s t e r   and  v i n y l  

r e s i n s   soon  f a i l   under  these  extreme  c o n d i t i o n s .  

Example  3 

The  i n s t r u c t i o n s   of  Example  2  were  r e p e a t e d ,   t h i s   time  however  

using  a  mix ture   c o n s i s t i n g   of  58  g  of  the  compos i t i on   a cco rd ing   t o  



Example  1,  29  g  s t y r e n e   and  13  g  d i a l l y l   p h t h a l a t e .   The  p r o p e r t i e s   and 

h y d r o l y t i c   s t a b i l i t y   of  the  cast   o b j e c t s   as  ob t a ined   under  the  c o n -  

d i t i o n s   d e s c r i b e d   in  Example  2  are  summarized  in  Table  A  and  Table  B 

r e s p e c t i v e l y .  

Example  4 

P r e p a r a t i o n   of  a  g l a s s   f i b r e   r e i n f o r c e d   p r o d u c t  

The  r e s i n   of  the  c o m p o s i t i o n   as  given  in  Example  3.was  used  

for  the  p r e p a r a t i o n   of  g l a s s   f i b r e   r e i n f o r c e d   p r o d u c t s .  

A  4  mm  t h i ck   l a m i n a t e   was  b u i l t   up  of  g lass   mats  ( S i l e n k a ,   chopped  

s t r and   mat,  450  g/m2)  and  r e s i n   in  such  a  way  tha t   the  weight  p e r c e n t a g e  

of  g l a s s   amounted  to  33-35%.  The  mechan ica l   p r o p e r t i e s   of  t h i s   l a m i n a t e ,  

which  was  cured  a c c o r d i n g   to  the  a f t e r - c u r i n g   cycle   d e s c r i b e d   in  Example 

2,  are  p r e s e n t e d   in  Table  A. 

Example  5 

P r e p a r a t i o n   and  cu r ing   of  a  homogeneous,  c u r a b l e   r e s i n   c o m p o s i t i o n   w i t h  

a d d i t i o n   of  an  amine  compound 

To  the  r e s i n   as  p repared   via  Example  3,  7  g  benzyl  amine  was 

added  at  80  °C.  Under  these   r e a c t i o n   c o n d i t i o n s   t h i s   amine  adds  r a p i d l y  

to  o l e i f i n i c   imide  u n s a t u r a t i o n s   tha t   are  amply  p r e s e n t   in  the  m i x t u r e .  

The  modi f ied   r e s i n   a l lows  f u r t h e r   p r o c e s s i n g   and  cur ing   accord ing   t o  

the  method  d e s c r i b e d   in  Example  2.  The  mechan ica l   p r o p e r t i e s   of  t h e  

c a s t i n g s   are  i nc luded   in  Table  A. 

Example  6 

P r e p a r a t i o n   and  cu r ing   of  a  homogeneous,  c u r a b l e   r e s i n   c o m p o s i t i o n   w i t h  

a d d i t i o n   of  a  b i s - c i t r a c o n i m i d e  

Mixing  of  38  g  of  the  compos i t i on   a cco rd ing   to  Example  1,  20  g 

N , N ' - 4 , 4 ' - d i p h e n y l   m e t h a n e - b i s - c i t r a c o n i m i d e ,   29  g  s t y r ene   and  13% 

d i a l l y l   p h t h a l a t e   a c c o r d i n g   to  the  i n s t r u c t i o n s   of  Example  2  y i e l d s   a  

dark  red,   c l e a r ,   l i q u i d   c o m p o s i t i o n .   At 100  °C  7  g  4 -hydroxy ,   4 - m e t h y l  

pen tanone-2   was  added  to  th i s   mix ture   and  s u b s e q u e n t l y   the  r e s i n   was 

kept  at  100  °C  for  about  20  m i n u t e s . b e f o r e   being  cooled  to  room 

t e m p e r a t u r e .   The  mechan ica l   p r o p e r t i e s   of  cast   o b j e c t s   on  the  bas i s   o f  

t h i s   r e s i n   are  p r e s e n t e d   in  Table  A. 





1.  Composi t ion  compr i s ing   a  b i s m a l e i m i d e ,   a  ma le imide -amide   and  an  a c i d  

a n h y d r i d e ,   c h a r a c t e r i z e d   in  that   th i s   compos i t i on   c o m p r i s e s :  

a)  80  to  30  wt.-%  (of  a  mix tu re )   of  compound(s)  having  the  gene ra l   f o r -  

mula  

a n d / o r  

a n d / o r  



where  

a)  R1  and  R2  each  and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  an  

a l i p h a t i c   c y c l o a l i p h a t i c   or  a romat ic   group  c o n t a i n i n g   1-12  c a r b o n  

atoms,  or  a  halogen  atom,  or  where  R1  and  R2,  t o g e t h e r   with  the  c a r -  

bon  atoms  to  which  they  are  bound,  form  a  r ing  system  with  at  l e a s t  

one  p o l y m e r i z a b l e   C-C  bond  and  Z  r e p r e s e n t s   a  b i v a l e n t   o rgan ic   g r o u p ,  

b)  5  to  60  wt.-X  of  (a  mix ture   of)  compound(s)  having  the  g e n e r a l  

f o r m u l a  

a n d / o r  

where  

R1  and  R2  each  and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  an  

a l i p h a t i c ,   c y c l o a l i p h a t i c   or  a romat ic   group  c o n t a i n i n g   1-12  c a r b o n  

atoms,  or  a  halogen  atom,  or  where  R1  and  R2,  t o g e t h e r   with  the  c a r b o n  

atoms  to  which  they  are  bound,  form  a  r ing  system  with  at  l e a s t   one 

p o l y m e r i z a b l e   C-C  bond,  while  Z  r e p r e s e n t s   a  b i v a l e n t ,   o rgan ic   g r o u p ,  
and  R3  an  o p t i o n a l l y   s u b s t i t u t e d   a l k y l ,   c y c l o a l k y l ,   a r y l ,   a r a l k y l   o r  

a l k y l a r y l   group  with  1-12  carbon  atoms  in  the  a lky l   p a r t ,  



c)  1  to  10  wt.-X  of  a  male ic   anhydr ide   d e r i v a t i v e   having  the  f o r m u l a  

where  

R1  and  R2  each  and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  an  

a l i p h a t i c ,   c y c l o a l i p h a t i c   or  a romat ic   group  c o n t a i n i n g   1-12  c a r b o n  

atoms,  or  a  ha logen  atom,  or  where  R1  and  R2,  t o g e t h e r   with  the  c a r -  

bon  atoms  to  which  they  are  bound,  form  a  r ing  system  with  at  l e a s t  

one  p o l y m e r i z a b l e   C-C  b o n d .  

2.  Composi t ion   a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   in  tha t   Z  r e p r e s e n t s  

an  o p t i o n a l l y   s u b s t i t u t e d   metha-  or  p a r a - p h e n y l e n e   group,  or  an  o p t i o n a l l y  

s u b s t i t u t e d   group  having  the  f o r m u l a  

where  Y  r e p r e s e n t s   a  -CH2-,  a  -C(CH3)2-,   a  -0 -   or  a  -S02-   group  and 

R3  an  a lky l   group  with  1  to  6  carbon  a t o m s .  

3.  Composi t ion  a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   in  tha t   i t   c o m p r i s e s :  

a)  80  to  30  wt.-X  of  one  or  more  of  the  compounds  having  the  f o r m u l a e  



a n d / o r  

a n d / o r  

b)  5  to  60  wt.-%  of  one  or  more  compounds  having  the  f o r m u l a e  

a n d / o r  

where  R3  r e p r e s e n t s   an  akyl  group  with  1-6  carbon  atoms,  by  p r e -  

f e r ence   m e t h y l ,  



c)  1  to  10  wt.-X  male ic   a n h y d r i d e .  

4.  Composi t ion   a cco rd ing   to  any  of  c laims  1  th rough   3,  c h a r a c t e r i z e d   i n  

tha t   i t   c o m p r i s e s :  

a)  from  75  to  45  wt.-X  of  (a  mix ture   of)  compounds  having  formulae  I ,  

II  and /o r   I I I ,  

b)  from  20  to  40  wt.-%  of  (a  mix ture   of)  compounds  having  formulae  IV 

and /o r   V,  and 

c)  from  2  to  7  wt.-X  of  a  maleic   anhydr ide   d e r i v a t i v e .  

5.  Process   for  the  p r e p a r a t i o n   of  a  compos i t i on   compr i s ing   ' b i s m a l e i m i d e  

compounds ' ,   ' m a l e i m i d e - a m i d e   compounds'  and  an  'ma le i c   a n h y d r i d e  

d e r i v a t i v e ' ,   c h a r a c t e r i z e d   in  tha t   a  diamine  having  the  f o r m u l a  

where  Z  r e p r e s e n t s   an  o p t i o n a l l y   s u b s t i t u t e d   a l k y l e n e   group  c o n t a i n i n g  

2-25  carbon  atoms,  an  o p t i o n a l l y   s u b s t i t u t e d   metha,  or  p a r a - p h e n y l e n e  

group,  or  an  o p t i o n a l l y   s u b s t i t u t e d   group  having  the  f o r m u l a  

where  Y  r e p r e s e n t s   a  -CH2-,  a  -C(CH3)2-,   a  -0 -   or  a  -SO2-group,   i s  

r e a c t e d   with  a  male ic   anhydr ide   d e r i v a t i v e   having  the  f o r m u l a  

i n   a  molar  r a t i o   of  diamine  to  maleic   anhydr ide   of  1:0.75  to  1 : 2 . 5 ,  

and  in  tha t   the  r e s u l t i n g   mixture   is  s u b s e q u e n t l y   r e a c t e d ,   in  t h e  

p re sence   of  a  s u i t a b l e   c a t a l y s t ,   with  an  adapted  amount  of  a n h y d r i d e  

of  an  a lky l   c a r b o x y l i c   ac id ,   t h i s   being  e f f e c t e d   in  such  a  way  tha t   i n  

the  mix tu re   u l t i m a t e l y   ob ta ined   the  d e s i r e d   r a t i o   between  the  amount 

of  male imide  g r o u p s  



formed  by  c y c l o d e h y d r a t i o n ,   the  amount  of  a lky l   amide  groups  formed 

by  ( r e - ) a l k y l   amida t ion   and  the  amount  of  acid  compound  is  o b t a i n e d .  

6.  Process   acco rd ing   to  claim  5,  c h a r a c t e r i z e d   in  tha t   the  diamine  i s  

r e a c t e d   with  the  male ic   anhydr ide   dur ing  30  minutes   to  5  hours   at  a 

t e m p e r a t u r e   between  15  and  70  °C  in  a  s u i t a b l e   s o l v e n t ,   in  tha t   t h e  

mix tu re   ob ta ined   in  the  f i r s t   step  is  r e a c t e d   with  an  a l k y l c a r -  

boxy l i c   anhydr ide   in  the  second  r e a c t i o n   step  dur ing  30  minutes   to  4 

hours  at  a  t e m p e r a t u r e   of  50  to  100  °C,  and  in  tha t   the  c a t a l y s t  

used  in  the  second  r e a c t i o n   step  is  chosen  from  the  group  formed  by 

t r i - ( n - b u t y l ) - a m i n e ,   N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e   diamine  (TMED), 

t r i e t h y l   amine  and  1 , 4 - d i a z a b i c y c l o - 2 , 2 , 2 - o c t a n e   (DABCO). 

7.  Process   a cco rd ing   to  e i t h e r   of  c laims  5-6,  c h a r a c t e r i z e d   in  tha t   a 

molar  r a t i o   of  diamine  to  maleic   anhydr ide   d e r i v a t i v e   1:1.75  t o  

1 :2 .1   is  app l i ed   and  an  excess  of  the  anhydr ide   of  the  a lky l   c a r -  

boxy l ic   acid  r e l a t i v e   to  the  maleic   anhydr ide   d e r i v a t i v e   u s e d .  

8.  Process   a cco rd ing   to  any  one  of  c laims  5-7,  c h a r a c t e r i z e d   in  t h a t  

a c e t i c   anhydr ide   is  used  as  anhydr ide   of  an  a lky l   c a r b o x y l i c   a c i d .  

9.  Homogeneous  c u r a b l e   compos i t i on   w i t h  m a l e i m i d e   compounds,  c h a r a c -  

t e r i z e d   in  tha t   i t   c o n s i s t s   of  a  s o l u t i o n   of  a  c o m p o s i t i o n   a c c o r d i n g  

to  any  one  of  c la ims  1-4  and  o p t i o n a l l y   of  c o p o l y m e r i z a b l e   compounds,  

in  a  s u i t a b l e   c o l v e n t .  

10.  Homogeneous  cu rab l e   compos i t i on   accord ing   to  claim  9,  c h a r a c t e r i z e d  

in  tha t   the  compos i t i on   c o n s i s t s   o f :  

a)  an  e t h y l e n i c a l l y   u n s a t u r a t e d   compound, 

b)  a  compos i t i on   a cco rd ing   to  any  one  of  c laims  1  th rough   4,  in  such  

an  amount  tha t   the  weight  r a t i o   of  the  e t h y l e n i c a l l y   u n s a t u r a t e d  

compound  to  the  compos i t i on   acco rd ing   to  any  one  of  c la ims  1 

th rough  4  is  between  2:1  and  1 : 4 ,  

c)  if  d e s i r e d ,   one  or  more  o ther   ( c o ) p o l y m e r i z a b l e   monomer  or  po lymer  

compounds,  

d)  if  d e s i r e d ,   one  or  more  customary  a d d i t i v e s ,   such  as,  i n h i b i t o r s ,  

cur ing   c a t a l y s t s ,   f i l l e r s ,   r e i n f o r c i n g   agents   and  p i g m e n t s .  

11.  Composi t ion  acco rd ing   to  claim  10,  c h a r a c t e r i s e d   in  tha t   the  w e i g h t  

r a t i o   of  the  e t h y l e n i c a l l y   u n s a t u r a t e d   compound  to  the  c o m p o s i t i o n  

acco rd ing   to  any  one  of  claims  5  th rough  8  i s - b e t w e e n   1 :1 .1   and  

1 : 2 . 5 .  



12.  Composi t ion  a cco rd ing   to  e i t h e r   of  c laims  10  and  11,  c h a r a c t e r i z e d  

in  tha t   the  e t h y l e n i c a l l y   u n s a t u r a t e d   compound  is  chosen  from  v i n y l  

a roma t i c   compounds;  monoal ly l   e t he r s   or  e s t e r s ;   d i a l l y l   e t h e r s   o r  

e s t e r s ;   v iny l   e s t e r s   and  v inyl   e t h e r s ;   and  a c r y l i c   acid  or  m e t h a c r y -  

l ic   acid  e s t e r s .  

13.  Composi t ion   a cco rd ing   to  claim  12,  c h a r a c t e r i z e d   in  tha t   the  e t h y -  

l e n i c a l l y   u n s a t u r a t e d   compound  is  a  v inyl   a romat ic   compound. 

14.  Copolymers  with  u n i t s   de r ived   from  maleimide  compounds,  c h a r a c -  

t e r i z e d   in  tha t   these   c o n s i s t   of  u n i t s   de r ived   from  c o m p o s i t i o n s  

acco rd ing   to  any  of  c la ims  1-4  and  o p t i o n a l l y   from  c o p o l y m e r i z a b l e  

compounds .  

15.  Copolymers  a c c o r d i n g   to  claim  14  c h a r a c t e r i z e d   in  tha t   the  copo lymer  

c o n s i s t s   of  u n i t s   de r ived   f rom:  

a)  an  e t h y l e n i c a l l y   u n s a t u r a t e d   compound, 

b)  ' b i s m a l e i m i d e   compounds'  with  formula  I,  II  and /o r   I I I ,   where  

R1  and  R2  each  and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  an  

a l i p h a t i c ,   c y c l o a l i p h a t i c   or  a romat ic   group  c o n t a i n i n g   1-12  c a r -  

bon  atoms,  or  a  ha logen   atom,  or  in  which  R1  and  R2,  t o g e t h e r  

with  the  carbon  atoms  to  which  they  are  bound,  form  a  r ing  s y s t e m  

with  at  l e a s t   one  p o l y m e r i z a b l e   C-C  bond  and  Z  r e p r e s e n t s   a  b i v a -  

l en t   o rgan ic   g r o u p ,  

c)  ' m a l e i m i d e - a m i d e   compounds'  with  formula  IV  and  or  V  where  R1  and  

R2  each  and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  an  a l i p h a t i c ,  

c y c l o a l i p h a t i c   or  a romat ic   group  c o n t a i n i n g   1-12  carbon  atoms,  o r  

a  ha logen   atom,  or  in  which  R1  and  R2,  t o g e t h e r   with  the  c a r b o n  

atoms  to  which  they  are  bound,  form  a  r ing  system  with  at  l e a s t  

one  p o l y m e r i z a b l e   C-C  bond,  Z  r e p r e s e n t s   a  b i v a l e n t   o rgan ic   g roup  

and  R3  an  o p t i o n a l l y   s u b s t i t u t e d   a l k y l ,   c y c l o a l k y l ,   a r y l ,   a r a l k y l  

or  a l k y l a r y l   group  with  1-12  carbon  atoms  in  the  a lky l   p a r t .  

d)  a  maleic   anhydr ide   d e r i v a t i v e   with  formula  VI  where  R1  and  

R2  each  and  i n d e p e n d e n t l y   r e p r e s e n t   a  hydrogen  atom,  a n  

a l i p h a t i c ,   c y c l o a l i p h a t i c   or  a romat ic   group  c o n t a i n i n g   1-12  c a r -  

bon  atoms,  or  a  ha logen  atom,  or  in  which  R1  and  R2,  t o g e t h e r  

with  the  carbon  atoms  to  which  they  are  bound,  form  a  r ing  s y s t e m  

with  at  l e a s t   one  p o l y m e r i z a b l e   C-C  b o n d .  

e)  if  d e s i r e d ,   one  or  more  o ther   ( c o ) p o l y m e r i z a b l e   monomer  o r  

polymer  compounds,  



the  weight  r a t i o   of  a  :   (b  +  c  +  d)  being  between  1:1  and  1:4,   b 

being  from  80  to  30  wt.-%,  c  from  5  to  60  wt.-X  and  d  from  1  t o  

10  wt.-X  of  the  amount  of  b  +  c  +  d .  

16.  Copolymer  acco rd ing   to  claim  15,  c h a r a c t e r i z e d   in  tha t   i t   c o n s i s t s  

of  u n i t s   de r ived   f rom:  

a)  s t y r ene   or  p-methyl   s t y r e n e ,  

b)  ' b i s m a l e i m i d e   compounds'  with  formulae  IX,  X  and /o r   XI,  

c)  'ma le imide -amide   compounds'  with  formulae  XII  and /o r   X I I I ,  

d)  maleic   a n h y d r i d e ,  

e)  if  d e s i r e d ,   one  or  more  monoal ly l   or  d i a l l y l   compounds .  

17.  Copolymer  a cco rd ing   to  e i t h e r   of  claims  15  and  16,  c h a r a c t e r i z e d   i n  

t ha t   the  weight  r a t i o   of  a:  (b  +  c  +  d)  is  between  1 :1 .1   and  1 : 2 . 5 ,  

b  is  from  75  to  45  wt.-%,  c  from  20  to  40  wt.-X  and  d  from  2  t o  

7  wt.-%  of  the  amount  of  b  +  c  +  d .  
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